Purpose of Review In this article, we review current understanding of the epidemiology and etiology of disparities in asthma. We also highlight current and emerging literature on solutions to tackle disparities while underscoring gaps and pressing future directions. Recent Findings Tailored, multicomponent approaches including the home, school, and clinician-based interventions show great promise. Summary Managing asthma in disadvantaged populations can be challenging as they tend to have disproportionately worse outcomes due to a multitude of factors. However, multifaceted, innovative interventions that are sustainable and scalable are key to improving outcomes.
Introduction
Asthma remains a significant public health problem. In 2014, about 9% of children and 7.5% of adults reported a physician diagnosis of current asthma [1] . However, the burden of disease is higher in underrepresented minorities and low-income populations [2, 3] . The prevalence has been reported to be as high as 20-30% in some underrepresented minority communities (Blacks and certain Latino groups such as Puerto Ricans) [4] [5] [6] . These underrepresented minority groups are also more likely to experience higher rates of asthma morbidity, mortality, and healthcare utilization [7] . These differences have been recognized and described to a significant extent in the literature [8] . Moreover, the reasons for these differences have been investigated although more work can be done [9] . However, what is lacking are solutions to tackle these differences.
This review will highlight recent advances in the treatment and management of asthma in disadvantaged populations, with emphasis on innovative interventions in these populations.
Who and Where Is the Disadvantaged?
Before we dive into our review, it is prudent to clarify who is defined as disadvantaged, as it is a quite nebulous term.
In this review, we will define disadvantaged populations as those who have experienced barriers to self-sufficiency through lack of resources such as education, financial capital, or community support [10] . Given the historical context of the USA in regard to racial discrimination and segregation, disadvantaged communities tend to be those that are primarily low income, majority underrepresented minority, and live in rural and inner-city areas [11] . This is also in line with the NIH's definition of disadvantaged persons [12] .
However, it is important to highlight that not all disadvantaged communities with asthma reside in urban or inner-city areas [13] . Keet et al. investigated the concept of "inner city asthma" through their analysis of National Health Interview Survey data from 2009 to 2011 [14••] . They found that independent risk factors for asthma were Black race, Puerto Rican ethnicity, and low household income-not residence in poor or urban areas. They performed a similar inquiry using Medicaid claims data and found that residence in poor, urban areas was not a predictor of asthma prevalence adjusted for neighborhood poverty and race/ethnicity [15••] . However, Black race and poor neighborhood residence were risk factors for prevalent asthma. Additionally, residence in poor, urban areas was associated with emergency department visits and hospitalizations.
Mechanisms of Worse Outcomes in Disadvantaged Communities
Through mostly observational studies, worse outcomes in asthma prevalence and outcomes in disadvantaged communities have been attributed to multifactorial causes such as socioeconomic factors (namely income, education), racial/ethnic genetic variants, environmental allergen/pollutant exposures, psychosocial stressors (neighborhood violence/safety), behavioral risk factors (smoking, obesity), poor medication adherence, and/or lack of access (to medicines, quality evidencebased care) [16] [17] [18] [19] [20] [21] .
Beck et al. pursued the difficult task of trying to disentangle the multifactorial causes by examining several contributors to worse readmission rates in Black children compared to white children [22••] . Their analysis involved directed acyclic graphing which allows one to examine multiple variables' effect on an outcome in one model. They found that the socioeconomic hardship variable explained 53% of the disparity, and when biologic, environmental, disease management, and access variables were added, 80% of the disparity was explained. Although this analysis further supports how the cause of racial disparities is multifactorial, it is reassuring that most of the factors could be amendable to intervention.
Another study that has attempted to further elucidate the complexity of asthma is an article recently in press by the VIDA Disparities Working Group that examined the relationship between socioeconomic status, stress, and asthma outcomes in the context of a randomized controlled trial, allowing the unique inclusion of variables, normally captured via selfreport in previous studies, through objective monitoring and measurement [23••] . They found that low income was an independent risk factor for asthma treatment failures and exacerbations, regardless of factors such as race, education, perceived stress, BMI, inhaled corticosteroid dose or adherence, baseline lung function, environmental allergen sensitization, secondhand smoke exposure, and hospitalizations. The authors noted that this finding could be limited to their cohort and not generalizable, and additional research would be warranted to further clarify the relationship between low income and asthma outcomes.
More recent studies have evaluated the role of asthma phenotypes, social determinants of health including discrimination as playing a role in asthma morbidity. For example, phenotypic analysis of children from low-income urban areas is lacking which would potentially help tailor management approaches. Zoratti et al. performed a cluster analysis from participants enrolled in nine inner-city asthma consortium centers and were receiving guidelines-based asthma management [24] . Five cluster phenotypes identified distinguished by asthma and rhinitis severity, pulmonary physiology, atopy, and allergic inflammation. The most severe phenotype was highly atopic with high total serum IgE levels, serum eosinophilia, and allergen sensitizations. However, there was a phenotype that was highly symptomatic but with little atopy and allergic inflammation.
Examination of the physical environment and social context contribution to asthma morbidity has been quite revealing. Material hardship and home ownership were recently examined as a contributor to disparities by Hughes et al. [25••] . They analyzed the 2011 American Housing Survey and found that poor housing quality was associated with asthma diagnosis and emergency department visits. Home ownership was associated with lower odds of an asthma emergency department visit. These findings emphasize the multifaceted nature of socioeconomic status and the need for it to be captured using multiple measures. The stress of caregivers of students enrolled in the school inner-city asthma study was associated with worse asthma outcomes [26•] . Participants with caregivers with very high stress (PSS-4 > =8) had two times increased odds of haying a symptom day and 2.1 more symptom days over a 2-week period compared to participants with normal stress. Level of caregiver stress was not associated with differences in child anxiety, inhaled corticosteroid use, medication adherence, and secondhand smoke exposure, calling attention to the need for additional research to elucidate the mechanism is necessary.
The role of perceived discrimination in asthma status and outcomes of Latino and Black asthmatics aged 8-21 years of age in the GALA II and SAGE II studies was investigated by Thakur et al. Blacks reporting any severity of discrimination had 78% increased odds of having asthma and 97% increased odds of poor asthma control. Mexican subjects with a low socioeconomic status (measured by a composite of education, income, and insurance status) had a 65% increased odds of having asthma [27••] . These findings highlight those efforts to improve asthma outcomes in disadvantaged populations should not only entail interventions within our healthcare system, but also include integration with social supports and services [28] .
Recent Solutions to Addressing Disparities in Disadvantaged Communities Indoor Environmental Remediation
Over the past two decades, the role of the indoor environment in asthma management has come under attention [29••, 30•, 31] . However, questions persist regarding indoor environment remediation's role in asthma management as there is publication bias-where there is less publication of unsuccessful environmental interventions. Despite this, appropriately tailored, multicomponent (e.g., physical and education) interventions appear to be most effective [29••, 32••] .
Environmental Remediation at Home
The inner-city asthma study (ICAS) was one of the most successful intervention studies consisting of a home remediation conducted by families and tailored to the child's sensitizations that lead to reductions in home dust mite and cockroach levels and asthma symptom days [33] . Benefits lasted 12 months and were cost-effective. ICAS and other early studies have led to numerous trials investigating how to balance comprehensive remediation while maintaining cost and efficacy. We will focus on new studies published in the past year given the brevity of this article.
The Mouse Allergen and Asthma Intervention Trial (MAAIT) evaluated if professionally delivered integrated pest management (IPM) and pest management education compared to pest management education alone-targeting mouse allergen alone-was associated with improved asthma outcomes [34] . The study authors found no difference in maximal symptom days, lung function, health care utilization, and short-acting β-agonist use. Interestingly, there was no statistically significant difference in the proportion of subjects with large decreases of mouse allergen (except for one airborne measure) between the two groups. It is possible that this lack of significance could be because the intervention was not blinded, leading to biased results.
The New Orleans roach elimination study (NO-Roach) was a randomized trial to examine the effect of cockroach insecticidal bait, a component of integrated pest management (IPM) on asthma symptom days [35] . The control group had a greater median level of cockroaches, number of symptom days, and ED/unscheduled visits. The control group also had 5.74 times higher odds of a FEV1 of < 80% predicted. The effect of the intervention was also more notable depending on cockroach sensitization. Cockroach sensitized children in the control group also had a significantly higher number of missed school days in addition to more symptom days and healthcare utilization.
DiMango et al. conducted a randomized trial of an individualized home environmental remediation-delivered by intervention counselors-to investigate the ability to "step-down" asthma therapy in children and adults with optimally treated and controlled asthma in New York City [36] . The remediation targeted all home allergens. The intervention group had a significant reduction in all mean allergen levels, and interestingly, the control group had a significant reduction in kitchen cockroach and bedroom dust and mouse allergen levels. Both groups could step down their asthma therapy, and there was no statistical significant difference between the two groups. There was also no difference in the mean number of days with symptoms, nighttime awakenings, or rescue medication use. The authors attributed the lack of difference due to control subjects preparing for home visits, subjects having regular follow-up and access to free medicines. The authors also noted that there was a post-hoc analysis suggesting that subjects who had significant reduction in kitchen mouse allergen had a significant stepping down of their asthma therapy, regardless of treatment arm, compared to those who did not have a significant reduction.
Some of the major criticisms of these home intervention studies is how will they translate to the "real world setting" and if they truly associate with improved outcomes. A recent review of the effectiveness of home environmental remediation studies examined the compliance of participants in these studies. Compliance was related to study design features such as the Hawthorne effect; however, there were participant factors. Notably, resources of the participants and interventions requiring behavioral change were associated with less compliance of study recommendations [32••] . The health outcome measures used in studies have been varied with very, mixed results-lung function, bronchial hyperresponsiveness, medication usage, absenteeism, health care utilization, and functional limitations [32••] . This inconsistency in results has been attributed to the following: study design such as the use of self-reported measures or seasonality, sample size, and inadequate environmental changes. This latter issue of inadequate environmental changes highlights an important issue regarding "how much" does an allergen or pollutant need to be decreased to improve a health outcome, particularly if the intervention is targeting only one allergen.
Environmental Remediation at School
There has been recent interest in conducting interventions in the school setting as children spend most of their time in school, and numerous studies have demonstrated considerable allergen and pollutant levels present in schools [37••, 38] . There is less comprehensive data on school-based environmental interventions and health outcomes, as most studies to date have been small, cross-sectional and have not controlled for home environmental exposures [39] .
One recent study examining school allergen and pollution is the school inner-city asthma study (SICAS-1), which is a 5-year-cohort study following asthma outcomes and classroom aeroallergen exposures of urban, elementary age children over 1 year [37••, 40] . Mouse allergen had the highest rate of detection in homes and schools but was significantly higher in schools. Mouse allergen exposure, independent of sensitization and home allergen exposure, was significantly associated with an increased number of asthma symptom days and decreased FEV1% predicted [37••] .
The same research team conducted a randomized pilot study to examine the role of high efficiency particulate air (HEPA) cleaners in elementary school classrooms in reducing indoor particulate pollutant and improving asthma morbidity outcomes [41] . They also assessed the feasibility of a partialintegrated pest management intervention in these schools. Classroom-based HEPA cleaners were associated with significant reduction of fine particulate matter (PM2.5) and black carbon (BC). The intervention group had a greater improvement in PEF compared to the control group [41] . However, they did not measure classroom ventilation which is a significant contributor to indoor pollution.
The team has now embarked on a randomized, blinded sham controlled environmental trial, built on SICAS-1 and this recent pilot, which is called the school inner-city asthma intervention study (SICAS-2). Schools will be randomized to receive integrated pest management versus control and classrooms within these schools to receive either air purifiers or sham control [42] .
Others have emphasized that school-centered health partnerships between school nurses, patients, families, primary care physicians, and asthma specialists are key to improving outcomes and reducing disparities [43, 44] . The American Academy of Allergy, asthma and immunology have advocated utilizing the school-based asthma management program (SAMPRO) framework to coordinate care for children with asthma. The program entails communication network between all stakeholders, complete asthma management plan, asthma education plan for school personnel, and remediation of asthma triggers at school [45•, 46] .
Community Interventions Targeting Social Determinants of Health
Other interventions have focused in improving adherence to asthma guidelines and increased detection of worsening asthma severity. The Easy Breathing program consists of decision support tools to help clinicians diagnose and manage asthma utilizing the EPR-3 asthma guidelines during office visits. The program has been associated with 35% reduction in admissions and 30% reduction in emergency department visits in Medicaid-insured children [47] .
Bradley et al. conducted a pilot of a collaborative asthma management program between a community pharmacy and pediatric primary care center (serving a largely publicly insured population) to improve outcomes in children with high-risk asthma [48] . The partnership formed a medication therapy management (MTM) service to improve transition of care of high-risk pediatric patients with asthma from physician offices to the pharmacy. The MTM session was designed as a 20-min intervention integrated into the pharmacy workflow, follow-up with the caregiver approximately 1 month later, and recommendations to the prescriber. The number, type, and acceptance of recommendations to caregivers/patients, and prescribers were evaluated. Prescriber recommendations were usually directed toward orders for rescue inhalers, anti-allergy medications, nebulizers, humidifiers, and spacers. There was 100% acceptance of the medication recommendations by primary care providers.
As mentioned above, rural communities can also be significantly affected by worse asthma outcomes. The Regional Asthma Disease Management Program (RADMP) was designed to improve outcomes in children at least 12 years old by providing asthma education and environmental education and remediation, in rural western North Carolina [49] . There was a significant reduction in asthma-related emergency department visit and admissions, improved lung function and reduction in school absences. The healthcare cost avoided 1-year post-intervention was about $882,021.
The Merck Childhood Asthma Network (MCAN) conducted a study to assess the effectiveness of pediatric asthma care coordination in four underserved urban areas. The care coordination intervention varied slightly amongst the sties but mainly consisted of an asthma care coordinator providing education, home visits, and care linkages with clinical providers. At 12-month follow-up, intervention participants had fewer symptom days and nights per month versus a simulated comparison group [50] .
Patient Centered Outcomes Research Institute (PCORI) recently funded multicomponent interventions to improve patient-centered outcomes for underrepresented minorities with uncontrolled asthma. Many of the projects are specifically investigating patient and other stakeholder-centered approaches to improving adherence to guidelines. For example, one study is examining the role of caregiver/patient adjustment of medication compared to guideline-physician-based adjustment. Another study is investigating the role of enhanced clinic care, community home worker visits, provider education, and a health plan intervention in several community health centers [51••] .
Previous studies have shown that community health workers have been instrumental in improving health outcomes through education and home visits [31] . Bryant-Stephens et al.
recently reaffirmed the significance of the home visit in better understanding what low-income minority patients with asthma need to have better outcomes. In this study, community health workers were used to recruit and follow subjects to help with patient portal access [52] . They observed extremely poor housing conditions and lack of social resources for many of the subjects. The authors suggested that interventions should entail understanding and removal of barriers to optimal management. This and the other featured PCORI funded studies are ongoing at this time [51••, 53] .
Future Directions and Conclusion
Asthma continues to be a significant cause of morbidity and mortality in low-income underrepresented minority communities. However, recent research has shown great promise of improved outcomes when tailored, multifaceted approaches that include home, school, clinician-based interventions are implemented. These interventions entail dealing with reducing/eliminating allergen or pollutant exposure, educational and empowerment support for patients, and decision support tools and resources for providers.
Despite this, there are still gaps that should be examined to reduce the burden of disease in disadvantaged communities. There is still a need to have a better understanding of the role of indoor environmental remediation of chemical pollutants and its role in health outcomes and what is the adequate "dose" of an environmental intervention to see improved outcomes. Moreover, it is unclear from the multicomponent environmental remediation interventions which component was the effective piece. This may require more innovative study designs such as factorial designs to better delineate the most effective pieces of multifaceted interventions. Another possibility is that the synergy of components that lead to improved outcomes and that teasing out the relative contributions may not be feasible or even warranted.
More research is also needed in developing more innovative approaches in settings outside of the clinical setting, such as telemedicine and Breathmobiles [54, 55] . Additionally, we need a better understanding of what leads to sustainable and scalable interventions in real-world settings. Lastly, the complex intersection between the social determinants of health and asthma must continue to be examined with a particular emphasis on the role of policy in supporting these intervention efforts [56] .
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